Testing for conserved and novel mechanisms underlying phenotypic evolution requires a diversity of 23 genomes available for comparison spanning multiple independent lineages. For example, complex social 24 behavior in insects has been investigated primarily with eusocial lineages, nearly all of which are 25 Hymenoptera. If conserved genomic influences on sociality do exist, we need data from a wider range of taxa 26 that also vary in their levels of sociality. Here we present information on the genome of the subsocial beetle 27 Nicrophorus vespilloides, a species long used to investigate evolutionary questions of complex social 28 behavior. We used this genome to address two questions. First, does life history predict overlap in gene 29 models more strongly than phylogenetic groupings? Second, like other insects with highly developed social 30 behavior but unlike other beetles, does N. vespilloides have DNA methylation? We found the overlap in gene 31 models was similar between N. vespilloides and all other insect groups regardless of life history. Unlike 32 previous studies of beetles, we found strong evidence of DNA methylation, which allows this species to be 33 used to address questions about the potential role of methylation in social behavior. The addition of this 34 genome adds a coleopteran resource to answer questions about the evolution and mechanistic basis of 35 sociality. 36 37 Introduction
). The GC content is 32%, consistent with two other beetle genomes, T. castaneum at 33% (Tribolium and BUSCO pipelines. Our genome contained 247 complete orthologs (99.6%) and 248 partial orthologs hit strategy, to assign orthology of the N. vespilloides proteome against five other insect proteomes chosen genes showing dN, dS, or ω >10). The distributions of these estimates are shown in fig 4. Two genes show evidence of positive selection ω > 1. ; ω = 1.45) and NK Homeobox (HOX) 7 (nk7; ω = higher in the N. vespilloides lineage (N. vespilloides-0.0489, T. castaneum-0.0487 and D. ponderosae-193 0.0487), although not statistically significantly different. 194 195 DNA Methylation. We used two approaches to investigate if the N. vespilloides genome has active DNA 196 methylation. First, we looked for the enzymes responsible for methylation in animals (Dnmt1, Dnmt2, and 197 Dnmt3) to determine if the machinery was present for the establishment and maintenance of DNA 198 methylation. Second, we generated single-base resolution maps of DNA methylation using whole genome 199 bisulfite sequencing.
200
Single copies of all three DNA methyltransferases were in the N. vespilloides genome; T. castaneum 201 contains only Dnmt1 and Dnmt2 (Kim et al., 2010) . The methyltransferases clustered with their putative 202 orthologs ( fig. 5A ). Next, using MethylC-Seq we found direct evidence for DNA cytosine methylation in N. 
211
vespilloides is also similar to other insects. Most prominently, the majority of methylation was found in the 212 exons (62.55 ± 0.26% of the observed methylation) and much lower levels were found in introns (10.29 ± 213 0.12% of the observed methylation; fig. 5F ). All three biological replicates are quantitatively similar in their 214 distribution of methylated CpG's over gene elements (supplementary table S6). We grouped N. vespilloides 215 genes as methylated or non-methylated by comparing the level of methylation of an individual gene to the 216 average level of gene methylation found across all genes. We found 3,298 genes that were methylated 217 significantly higher than the null expectation ( fig. 5G ; supplementary file S2). Following this, we performed 218 a GO enrichment analysis on the GO terms associated with the methylated gene set. We found that annotated gene element. Methylation peaks beginning at the second exon, although this is not a robust trend 227 as methylation levels decrease to the same level of the first exon by the end of the second exon. Transposable 228 elements were methylated to the same level as genomic intergenic background levels (3 vs. 5%, 229 respectively).
231

Discussion
232
The ability to detect conserved and novel molecular mechanisms that influence social behavior requires 233 genomic resources from species across different lineages that vary in their level of sociality. Here, we report 234 the draft genome of N. vespilloides, a subsocial beetle from the Silphidae. In assessing the genetic changes 235 associated with the evolution of social behavior in insects, the N. vespilloides genome provides a useful line 236 of independent evolution, offering data from outside the Hymenoptera, which diverged from Coleoptera
~3
50 Mya (Wiegmann et al., 2009) and at a level between solitary and eusocial. Nicorphorus vespilloides 238 has sophisticated and complex parental care (Eggert and Müller, 1997; Scott, 1998; Trumbo, 2012) . The 239 highly developed social interactions between parents and offspring place this beetle at the level of 
250
We successfully assembled the N. vespilloides genome using Illumina short reads, PacBio 251 continuous long reads, and a BioNano Genomics genome map. Our assembly quality compares favorably 252 with other recently published insect genomes; especially considering our organism is outbred (Richards and showed that N. vespilloides was as, but no more, similar to a social Hymenoptera or to Diptera that exist in 257 rotting flesh than the asocial beetle T. castaneum was to either pair with respect to the number of shared gene 258 families.
259
Very few of the N. vespilloides genes we examined showed evidence of differential rates of evidence of positive selection. NK Homeobox (HOX) 7 had an elevated ω in the N. vespilloides lineage but is highly conserved in the other lineages. Ephrin-B2 had an elevated ω in all lineages but it is slightly lower 
269
Beetles are often described as lacking DNA methylation, based on T. castaneum (Glastad et al, 2015;  trimmed to >20 Phred quality score, a minimum length of 90 bp and a maximum length of 99 bp were sequencing from a brother/sister pair of adult beetles that had been inbred for 6 generations. 
336
To increase the long-range scaffolding (i.e., super-scaffold) of our draft genome, we generated a 337 BioNano Genomics (San Diego, CA, USA) genome map. High molecular weight (HMW) genomic DNA 338 was extracted from a single pupa as previously described (Shelton et al., 2015) . HMW gDNA was nicked 339 with nicking restriction digest by BspQI and BbvCI restriction enzyme that had been converted to nickases imaged on the Irys system (BioNano Genomics) according to the manufacturer's instructions. scaffold as much as possible with the Illumina reads. Gaps in the assembly were filled using Platanus's in length were used for further analysis and assembly.
contig was flagged and removed during our contamination search; belonging to Morganella morganii, a 364 common bacterium found in vertebrate intestinal tracts.
365
Genome assembly quality and completeness were assessed with multiple benchmark datasets. First, 372 373 Genome Annotation. To begin genome annotation, we first generated a de novo library of repeats using parameters. Because some gene fragments, especially low-complexity motifs, might be captured in the repeat 377 analysis, we used BLASTx to remove any matches to T. castaneum proteins in the UniProtKB database 378 (Wang et al., 2008; Jiang, 2014) . The repeat analysis of the T. castaneum's genome was done with Gene Family Expansion/Contraction Analysis. To investigate possible expansion and contraction of invertebrate (T. castaneum, A. mellifera, D. melanogaster; 1, 2, and 3) . After three putative loci were found bootstraps in CLC Sequence Viewer (v7.5; http://www.clcbio.com) with default settings.
466
To address if DNA methylation is present in N. vespilloides at all, we performed methylC-Seq 467 (Lister et al., 2008) , whole genome sequencing on bisulfite treated genomic DNA, on three biological (2015) . Deep sequencing was performed using an Illumina NextSeq500 Instrument at the reads. We aligned quality controlled reads to the N. vespilloides v1 and T. castaneum v3.0 reference 478 genomes, respectively, using the same method as previously described in (Schmitz et al., 2013) . The T.
479
castaneum genome and OGS gff (v3) were obtained from BeetleBase.org. Lambda sequence (which is fully 480 unmethylated) was used as control to calculate the efficiency of the sodium bisulfite reaction and the 481 associated non-conversion rate of unmodified cytosines, which ranged from 0.10-0.11% (Supplementary 482   Table S5 ). Only cytosine sites with a minimum coverage of at least three reads were used for subsequent 483 analysis. A binomial test coupled with Benjamini-Hochberg correction was adopted to determine the 484 methylation status of each cytosine. Weighted methylation levels were calculated as previously described 485 (Schultz et al., 2012) .
486
Nicrophorus vespilloides replicate 1 was used to compute the exact values and percentages and plot 487 Figure 5C , 5E, 5F, 5H, and 5G, but all replicates were qualitatively similar ( Supplementary Table S7 ).
488
Methylated cytosines and their flanking two bases were extracted out for sequence conservation analysis 
